HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERSB6, 173506(2005

Green electroluminescence from an ionic iridium complex
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We report green emission from a single-layer device based on the ionic transition metal complex
[Ir(F-mppy),(dtb-bpy]*(PF;), where F-mppy is 24’-fluoropheny)-5-methylpyridine and dtb-bpy

is 4,4 -di-tert-butyl-2, Zbipyridine. External quantum efficiencies of up to 1.1% are achieved with
air-stable contacts, and up to 1.8% with a CsF/Al top contact. Addition of the ionic liquid
1-butyl-3-methylimidazolium hexafluorophosphate was found to improve the device response time
and cause a bias-dependent shift in the emission spectrum. As a result, electroluminescence was
observed at 531 nr(CIE coordinates: 0.3230 and 0.588¢he lowest wavelength reported to date

for a device based on ionic transition metal complexe2005 American Institute of Physics

[DOI: 10.1063/1.1919387

A recent concept in solid-state electroluminescent deavailable in an iTMC-based device. Green and blue emission
vices involves the use of ionic transition metal complexeshave yet to be achieved.
(iTMCs).1® These devices differ significantly from conven- In this letter, we report a green iTMC-based elec-
tional organic light emitting diodes due the presence of moiroluminescent device. The active layer is the ionic Ir
bile ions in the organic film. A prototypical example of an complex [Ir(F-mppy,(dtb-bpy]*(PF;), where F-mppy is
iTMC is the ruthenium complekRu(bpy)s]>*(PF;), (where  2-(4’-fluoropheny)-5-methylpyridine(see Fig. 1, in which
bpy is 2, Z-bipyriding). An electroluminescent device is the strong inductive and mesomeric effects of the fluoro-
fabricated by sandwiching a thif~100 nm) film of substituent on the phenyl ringnetato the site of coordina-
[Ru(bpy)3]2+(P|——6)2 between two metal contacts. Upon appli- tion) are responsible f0r7tT§ blueshifted emission over previ-
cation of a bias, and according to the electrodynamic@usly reported iTMCS'™® [Ir(F-mppy,(dtb-bpy]*(PF)
model>'°the counter iongPF;) redistribute and create high was targeted to be an effective electroluminophore while ex-
electric fields near the contacts. Electrons and holes are suBMining a series of F-mppy iTMCs that were prepared by
sequently  injected into the metal complexesCombinatorial _methodls7. We discuss the performance of de-
[Ru(bpy)s]2*(PF;),, migrate towards each other by means of Vices with various top'co.ntacts, and demons.tra.te thqt addi-
hopping, and recombine within a single metal complex tofion 0f the “ionic liquid ~1-butyl-3-methylimidazolium
produce light. Electroluminescent devices based on iTmcexafluorophosphateBMIM*(PF;)) leads to enhancement

offer ease of fabrication, as they consist of a single layer of device performance.

organic that is deposited from solutiéim addition, contrary . 1€ ligand F-mppy was synthesized by refluxing a sto-
to conventional OLEDs that require low work function cath- ichiometric amount of 12-(4-fluoro-phenyl-2-oxo-ethyl-

odes, they show efficient operation even with air-staple?Y"idinium bromide with 2-methyl-2-prople7:ngl and excess
cathodes’ This enables fabrication by means of @mmonium acetate in methanol for 12 K The [Ir(F

lamination? as well as the development of fault-tolerant ar- “MPPY)2(dtb-bpy]"(PF;) complex was subsequently pre-
chitectures for large-area illumination panis. pared following a modified literature proceddr¥. The ionic
yars ! )
Any new class of electroluminescent devices must showduid BMIM“(PFg) was purchased from AldrictFluka) and
emission throughout the visible part of the spectrum, a key'S€d as-received. Sandwich-type devices were fabricated by
requirement for full color displays and illumination quality dissolving the Ir complex in HPLC grade acetonitrile at a

lighting. The vast majority of iTMC-based devices reportedconcentration of 24 mg/mL, and spin coating onto glass sub-
to date utilize complexes of ruthenium or osmium and emitrates covered with prepatterned ITO contgdtsin Film

in the red part of the spectrutii’ Neutral complexes of iri-  D€Vices, Anaheim, CAat 1000 rom. For devices incorpo-
dium have been utilized in OLEDs as emittédispersed in  "ating ionic liquid, 1.5ul of BMIM*(PF) were added per

a charge transporting organic majriand are known to emit

efficiently in the red, green, and blue part of the -
spectrunt*~**However, it was not until 2004 when aonic
iridium complex, [Ir(ppy),(dtb-bpy]*(PF;), where ppy is
2-phenylpyridine and dtb-bpy is 4’ 4li-tert-butyl-

2,2’ bipyridine, was first employed to fabricate electrolumi-
nescent deviceb.These emitted in the yellow part of the
spectrum, which represents the lowest emission wavelength

dElectronic mail: ggml@cornell.edu FIG. 1. Chemical structure ¢fr(F-mppy),(dth-bpy |*(PF).
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-mppy),(dtb-bpy J*(PF;)/Au devices, one with a pristine film and the other
FIG. 2. EL spectra for the ITQIr(F-mppy,(dtb-bpy]*(PF;)/Au devices  containing the ionic liquid BMIM(PF).
with (dashed lingsand without(solid line) the ionic liquid BMIM*(PF).

quantum efficiency +3 V were 170 cdfrand 1.8%, respec-

mL of solution. This amount was close to the upper limit, ivelv. Th devi did not sh o d
before phase separation became visible with an optical mit €. 'N€SE GEVICES did NOt Show any emission under re-

croscope. The preparation of the solutions and the casting Jf'S€ Pias due to electrochemical degradation of the CsF/Al

the films were performed inside a nitrogen glove box. Thecontact

thickness of the films was between 70 and 80 nm, as mea- " [RUbPYsI"(PF;), devices, the accumulatidideple-
sured with profilometry. The ITO substrates were cleanedion Of PFs counter ions near the positivaegative contact
just before the deposition of the organic layer by a deionize§duses large electiic fields that decrease the tunneling
water bath, followed by UV/ozone treatment. The films wereParrie’” and assist the injection of hole@lectrons in
taken out of the glove box and dried for12 h at 80°C [RUbPY)s]”(PFy),. These fields are high enough to make
under vacuum. They were then reintroduced in the glove bof1€ ITO and Au contacts ohmic for both electron and hole
for further processing and characterization. The top contact§iection.” As a result, no substantial rectification is ob-
consisted of a 200 A thick Au film, or a 10 A thick CsF film served in ITOJRu(bpy)s]**(PFy),/Au devices. The rectifica-
capped with a 200 A thick Al film. They were deposited tion observed in the ITQIr(F-mppy,(dtb-bpy]*(PF;)/Au
through a shadow mask that defined six devices per sulslevices indicates that the electric field caused by the accu-
strate, each with a 3 mfhactive area. The deposition of Au mulation of Pk near the Au contact is not enough to de-
was carried out intermittently to minimize heating of the crease the barrier for electron injection to the point where the
organic film. The electrical characteristics of the devicescontact is made ohmic. Using a contact with a lower work
were measured with a Keithley 236 source-measure unit, arfinction than Au, such as CsF/Al, or IT@everse bias dala

the emission was collected with a calibrated UDT S370 opfesults in improved electron injection and higher device ef-
tometer coupled to an integrating sphere. The EL spectriiciency. This image is consistent with the fact that the device
were measured with a calibrated S2000 Ocean Optics fibegfficiency varies in the same order as the work functiofi)

spectrometer. of the contactWF¢cep/n<WFr0 <WF,,). A similar recti-
The electroluminescence(EL) spectrum of an fication was observed in the nonfluorinated Ir complex.
ITO/[Ir(F-mppy),(dtb-bpy " (PF;)/Au device under +3 V Consgsltgnt with the electrodynamic mechanism of

bias (ITO positive with respect to Auis shown as a solid operation; ™ the devices show long turn-on times. As shown
line in Fig. 2. The spectrum, which peaks)at,=542 nm in Fig. 3, the turn-on timgtime to reach maximum lumi-
(CIE coordinates 0.3678 and 0.577Vepresents the lowest nance of the ITO/Ir(F-mppy,(dtb-bpy " (PF;)/Au device
wavelength of emission observed in an iTMC device. Theat -3 V is about 4 h. This is consistent with previous obser-
spectrum was found to be independent of bia8 V and  vations in the nonfluorinated Ir compléx@\ significant re-

-3 V), and was the same in devices with a CsF/Al top con-duction in turn-on time, to~40 min, was achieved by using
tact. It was also found to be the same as the photoluminesghe lower work function CsF/Al contact. This is due to the
cence spectrum in acetonitrile solution, which indicates thafact that fewer Pfcounter ions need to be displaced in order
the same mechanism is responsible for emission in botto make the CsF/Al contact an efficient electron injector.
cases. From the above it is clear that the fluorine substituentdowever, this contact is not as inert and air stable as Au,
on the phenylpyridine ligands cause a blueshift of the emiswhich compromises one of the chief advantages of iTMC-
sion spectrum relative to the nonfluorinated complex, whichbased devices. Clearly, an alternative means of improving
phosphoresces at 558 fim. turn-on time is desirable.

The Iuminance and efficiency oflIr(F-mppy),(dtb According to the electrodynamic mode!? the turn-on
-bpy)]*(PF;) devices were found to depend on the directiontime is dictated by the ionic conductivity and should de-
of the bias, as well as on the choice of top contact. Device§rease if extra mobile ions are added to the iTMC layer.
with Au top contacts showed rectification and efficiencieslonic liquids have recently been used in polymeric semicon-
that were higher in reverse than in forward bias: At +3 V,ductors as a convenient way to increase the ion deftsfty.
emission was weak, with a luminance of 15 cd/emd a  Figure 3 shows the influence of the ionic liquid BMIWPF;)
quantum efficiency of 0.15%. However, at =3 V the lumi- in the temporal behavior of the luminance of an ITO(F
nance reached 110 cdfmand the quantum efficiency -mppy),(dtb-bpy]*(PR;)/Au device. The introduction of

reached 1.1%. With a CsF/Al top contact, the luminance andbnic liquid decreases the turn-on time to 25 min. Although
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